Abstract-Most veteran research is conducted in Department of Veterans Affairs (VA) healthcare settings, although most veterans obtain healthcare outside the VA. Our objective was to determine the adequacy and relative contributions of Veterans Health Administration (VHA), Veterans Benefits Administration (VBA), and Department of Defense (DOD) administrative databases for representing the U.S. veteran population, using as an example the creation of a sampling frame for the National Survey of Women Veterans. In 2008, we merged the VHA, VBA, and DOD databases. We identified the number of unique records both overall and from each database. The combined databases yielded 925,946 unique records, representing 51% of the 1,802,000 U.S. women veteran population. The DOD database included 30% of the population (with 8% overlap with other databases). The VHA enrollment database contributed an additional 20% unique women veterans (with 6% overlap with VBA databases). VBA databases contributed an additional 2% unique women veterans (beyond 10% overlap with other databases). Use of VBA and DOD databases substantially expands access to the population of veterans beyond those in VHA databases, regardless of VA use. Adoption of these additional databases would enhance the value and generalizability of a wide range of studies of both male and female veterans.
INTRODUCTION
Although the majority of veterans obtain healthcare outside the Department of Veterans Affairs (VA), most veteran research is conducted in VA healthcare settings [1] [2] . While the VA databases currently in use provide useful data on VA healthcare settings and characteristics of VA healthcare users, exclusion of VA nonusers leaves knowledge gaps of the health and healthcare for the vast majority of veterans. VA healthcare users and VA nonusers differ in demographic characteristics, health status, healthcare utilization patterns, and multiple other characteristics [3] [4] [5] . Ascertaining the perspective of veterans who do not use VA healthcare can provide insight on issues affecting the broader veteran community, such as barriers to healthcare use, that may be useful for VA program planning and for expanding VA access [5] .
One barrier to conducting general population veteran studies is the absence of a sampling frame that includes contact information from which to identify and recruit potential research participants. Population-based registries exist for selected veteran cohorts [6] [7] [8] . However, no one database or registry exists with complete veteran population coverage. Information about population representativeness and systematic biases of available VA and non-VA administrative databases could facilitate their use for veteran research. Determining database overlap could also facilitate decision making about the marginal benefit of adding each database to a sampling frame.
Our objective was to determine the representativeness, overlap, and relative contributions of selected Veterans Health Administration (VHA), Veterans Benefits Administration (VBA), and Department of Defense (DOD) administrative databases. We conducted the National Survey of Women Veterans (NSWV) in [2008] [2009] in support of VHA strategic planning for outreach, programs, and services for women veterans. Because market penetration among women veterans has been traditionally low, assessment of alternate sampling frames through use of non-VHA databases was essential. Using the NSWV sampling frame creation as an example, we report on characteristics of VHA, VBA, and DOD administrative databases.
METHODS
In 2008, we merged records from VHA, VBA, and DOD databases to identify U.S. women veterans. Databases were selected for inclusion if they included real Social Security numbers (SSNs) and data fields for contact information, sex, and veteran status. Real SSNs were important because all databases are organized by SSNs. We used real SSNs to merge databases and extracted all records of female veterans.
Source Databases
The databases we used to identify the population of women veterans were the VHA National Enrollment Database (NED) and National Patient Care Database (NPCD), the VBA Compensation and Pension Mini File (CP) and Veterans Service Network (VETSNET), and the DOD Defense Enrollment Eligibility Reporting System (DEERS).
The NED, created in 1995 and housed at the Austin Information Technology Center (AITC, previously known as the Austin Automation Center), derives data from local VA facilities on all veterans who applied for enrollment for VA healthcare [9] . The veterans represented in NED include those who (1) are currently enrolled, regardless of whether they have actually used VA healthcare; (2) applied for enrollment, even if they did not complete enrollment; or (3) were enrolled at any time from 1995 to present, even if they no longer use VA healthcare. The NED contains contact information (address and telephone number), including updates to this contact information. Other data fields include preferred VA facility. Sex is not consistently reported in this database. The NED differs from the VHA Assistant Deputy Under Secretary for Health Enrollment Monthly File in that the latter file comprises an NED data extract, along with cost, utilization, and mortality data from other sources. We used the NED in this study.
The NPCD is the VHA's centralized relational database (a data warehouse) that receives clinical encounter data from VHA clinical information systems [9] [10] . The NPCD can be queried by fiscal year (FY)-e.g., FY08 = October 1, 2007-September 30, 2008-and includes all individuals visiting the VA during that time frame. It includes a veteran indicator field, added in FY06, that has the values of "yes" (for veterans), "no" (for nonveterans) or "missing" [11] . At the end of FY08 quarter (Q) 3, we obtained NED and NPCD Outpatient Care File (OPC) records from the AITC. We queried the FY06, FY07, and FY08 Q1-Q3 OPC visit data set, using the sex and veteran indicator fields to limit our sampling to female veterans [11] . All individuals with veteran status in the NPCD would be expected to have a record in the NED.
VBA databases available at the time of our database query included the CP and VETSNET data repositories of enrollees for any veteran benefit [12] . These VBA enrollees include both enrollees and nonenrollees for VA healthcare. At the time, the VBA was in the process of converting records from the CP Mini SAS data set (SAS, Inc.; Cary, North Carolina) into the new VETSNET database. We obtained CP and VETSNET SAS data sets from the AITC and combined records to create a complete VBA data set, denoted here as CP/VETSNET.
The DOD DEERS, implemented in 1982, is a database of Active Duty and retired military servicemembers and others entitled to TRICARE benefits, a healthcare program of the DOD military health system [13] . DEERS retains records for all veterans who separated from the military after the implementation of DEERS. Veterans who were not in the Active Duty or Reserve components or receiving a DOD benefit as of 1982 will not have a record in DEERS.
* We obtained DEERS data through April 2008 from the Defense Manpower Data Center (DMDC). To facilitate identifying gulf war-era veterans with service in Operation Iraqi Freedom or Operation Enduring Freedom (OIF/OEF), we obtained separate DEERS data sets for women veterans with military separation dates on or before September 11, 2001 (9/11) versus those with separation dates after 9/11. The post-9/11 data set was used in calculations involving the post-9/11 service period, and the data sets were combined to create the complete DEERS data set.
VA-Medicare data were not available at the time of our 2008 database query. However, to facilitate future decision making about the use of these data, we estimated the upper limits of the potential contribution of VA-Medicare data to our sampling frame by imputing from the 2003 VA Information Resource Center (VIReC) VA-Medicare data merge report [14] . That report describes VA-Medicare data coverage as of 1999. In 2001, the National Survey of Veterans (NSV) was conducted on behalf of the VA to assist in VA program planning. Of the veterans covered by Medicare, 83 percent of females and 92 percent of males were aged 65 or older [15] . Therefore, we used age as a proxy for Medicare population representativeness. Women aged 65 or older in 1999 would be 74 or older, if alive, in 2008. The difference between the 1999 VIReC Medicare coverage and the sampling frame coverage of those 74 and older comprises younger Medicare-eligible veterans, those deceased between 1999 and 2008, as well as sampling frame noncoverage, underscoring the potential contribution of adding VA-Medicare data.
The VA provides official estimates and projections of the veteran population using the Veteran Population Model (VetPop) [16] . VetPop2007 is the VA's latest official esti- [17] . VetPop2007 includes estimates of the veteran population by sex, age, period of military service, geographic region, and race/ethnicity. Post-2006 population estimates for sex, geographic region, race/ethnicity, and mortality are included. We obtained VetPop2007 estimates for the women veteran population as of September 30, 2008, to use as the denominator in all of our database representativeness estimates. We used U.S. Census data to obtain the U.S. adult population size by sex [18] .
Data Merge Procedures and Analysis
To create the sampling frame, we added a data field in each database to identify the source database. Next we merged NED, CP/VETSNET, and DEERS databases using real SSNs. Then we combined duplicate and triplicate records (as indicated by real SSNs) into one unique record that retained the source database identifiers. We derived population representativeness of the sampling frame by dividing the number of unique records by the September 30, 2008, VetPop2007 estimate of the women veteran population. The frequency of the source database identifiers gave the size of constituent segments of the sampling frame. To determine the relative contribution of each database to the population representativeness, we first determined which database had the greatest number of records. Starting with the largest database, we identified the constituent sampling frame segments that were not a part of that largest database. We repeated this process for the second largest database. Then, using the database and constituent segment sizes as numerators, we divided each by the September 30, 2008, VetPop2007 population estimate. We also determined representativeness and overlap of each constituent database by dividing each database and segment size, respectively, by the September 30, 2008, VetPop2007 population estimate.
The NPCD records queried for the 3 FYs were merged with the use of real SSNs. Duplicate records, defined as records with identical real SSNs, were eliminated. To determine the positive predictive value of the NPCD veteran indicator, we calculated the rate of selfreported service in the U.S. military in the sample with a positive veteran indicator that was screened for the NSWV. Those with a negative veteran indicator were not screened, and therefore other test characteristics of the veteran indicator could not be assessed. To determine the percentage of VA enrollees using VA healthcare over different time frames, we used the NED as the denominator for each of the individual NPCD queries and for the 3 NPCD years combined. To determine the sampling frame representativeness of veterans who were not current VA healthcare users, we divided the number of unique records in the combined databases by the VetPop 2007 women veteran population estimate after each was reduced by the NPCD FY08 count.
Characteristics ascertained for each database were percentage of current VA healthcare users, percentage of women veterans aged 65 or older, and percentage of women veterans with post-9/11 service who have a record in the database (from DEERS). Current VA healthcare use was defined as the last VA clinical encounter in FY08 (from NPCD). All databases contained fields for date of birth and/or age that we used to classify women veterans as being 65 years or older versus not and as 74 years or older for the imputation of potential VA-Medicare database representativeness. The number of women with each characteristic of interest in each database was used as the numerator. We conducted chi-square tests comparing women veterans in each database with those not in that database for each characteristic. The size and percentage population representativeness of each database and its overlap with other databases are given in Table 1 . A majority of DEERS and of NED records were solely in those databases (72.4% and 50.9%, respectively). Although CP/VETSNET included 11.8 percent of the women veteran population, only 13.9 percent of its records were solely in that database.
RESULTS

VetPop2007
The NPCD veteran indicator field had a positive predictive value of 99.6 percent for correctly identifying veterans. Of VA enrollees with a positive veteran indicator, the number and percentage with current and recent VA healthcare use are given in Table 2 . Among women veteran VA enrollees, 50.6 percent used VA healthcare in the prior 9 months. An additional 9.7 percent of enrollees last used VA more than 9 but less than 33 months prior. In the VA enrollee database, 39.7 percent of records were for women veterans who either last used VA healthcare more than 33 months prior or had never used VA healthcare. In the overall U.S. women veteran population, 14.1 percent were current VA healthcare users (253,314 NPCD FY08 Q1-Q3 women veterans out of the 1,802,000 U.S. women veteran population; Table 2 ), whereas 72.2 percent were not enrolled for VA care (derived from 500,651 NED enrollees comprising 27.8 percent of the U.S. women veteran population in Table 2 ). Approximately 673,000 sampling frame records were for women veterans who were not current VA healthcare users, covering 43.4 percent of the U.S. women veteran VA nonuser population.
Characteristics of each of the databases are listed in Table 3 . By definition, all current VA healthcare users had records in the NED, whereas only 27.3 percent had records in DEERS (p < 0.001 for comparisons among all three databases). All databases contained records for only a minority of women veterans age 65 or older, with CP/ VETSNET and DEERS having significantly smaller proportions than NED (p < 0.001). The VA-Medicare database included 100,329 female enrollees as of 1999, whereas the combined sampling frame included approximately 65,000 aged 74 or older as of 2008. This difference of approximately 35,000 is 1.9 percent of the U.S. women veteran population. The percentage of women veterans with post-9/11 service also varied significantly by database, with representativeness being smallest for the CP/VETSNET database (p < 0.001).
DISCUSSION
With a combination of VHA, VBA, and DOD administrative databases, we assembled a sampling frame that contains more than half of living U.S. women veterans. Sampling frame representativeness varied by U.S. women veteran subpopulation. The sampling frame contained records for all VA healthcare users and for all gulf war-era veterans, including OIF/OEF women veterans who were not on Active Duty status. Forty-three percent of VA nonusers were included in the database, with the smallest proportionate representation being among veterans aged 65 and older-a group that is likely to need healthcare services for chronic medical conditions. In prior research, we found that some older women veterans briefly used VA healthcare in the remote past and then never returned, which could contribute to the underrepresentation of older women veterans in VHA databases [19] . Many older women veterans separated from the military prior to the creation of DEERS, which could account for their underrepresentation in the DOD database. The use of Medicare data could provide a more focused sampling frame of older individuals to screen for veteran studies. This could potentially extend veteran identification to an additional small percentage of women veterans and likely a higher proportion of male veterans, given their older age. One approach to using a sampling frame in which differential representation of segments of the target population has been defined is to adjust for this systematic bias with the use of stratified sampling and/or the application of weights. For example, in a prior study that utilized a similar approach to assemble a sampling frame of women veterans residing in southern California and southern Nevada (corresponding to Veterans Integrated Service Network [VISN] 22), we applied separate sampling strategies for VA users and VA nonusers and adjusted for the design effect and nonresponse in our sampling weights [4] . Because 100 percent of VA users were represented in the database, for each user strata, we randomly selected VA users from each of the corresponding age categories. Because the source databases differed in size and their VA user/nonuser ratios, for each VA nonuser strata, we assigned sampling probabilities for subjects based on their source database that correlated with how that database represented the VA user/nonuser distribution in the VISN 22 women veteran population. Our rationale for this approach was to minimize the effects of potential systematic biases in the databases that may be associated with decision making about VA healthcare use. This approach may be less biased than a sample drawn randomly from among VA nonusers in our source databases. For studies in which the sampling frame contains all members of the target population-as would be the case for population-based studies of veterans who separated from the military in the past 20 years or less-a simple random sample of the appropriate subset of the sampling frame may be used.
Although stratified sampling and weighting can reduce the underrepresentation bias associated with sampling from administrative databases (i.e., list-based sampling), they are unlikely to completely eliminate bias. Therefore, some surveys use random digit dialing (RDD) to identify potential respondents. For example, the NSV combines a list-based approach for identifying smaller subpopulations of veterans who are targeted for oversampling (selected VA priority groups, ethnic minorities, and women in the 2001 survey) with RDD for identifying larger subpopulations of veterans [15] . The NSV employed this dual-frame approach to combine the efficiency and low cost of list-based sampling with the greater population representativeness of RDD. The 2001 NSV did not rely solely on a list-based approach because it was only able to identify 21.6 percent of the overall veteran population using administrative databases; by contrast, we achieved 51.4 percent population identification. The 2001 NSV did not rely solely on an RDD approach because it estimated that it would have cost more than five times the dual-frame approach [15] . An additional limitation of RDD is underrepresentation of those with no telephone or an unlisted number, which is estimated to be 4 to 6 percent [20] . For the 1985 Survey of Female Veterans, one of the few large veteran surveys to rely solely on an RDD approach, over 880,000 numbers were dialed to reach 3,925 women veterans [21] . By contrast, 19 percent of U.S. adult males are veterans, making RDD a useful approach for general population studies of male veterans. For smaller subpopulations of veterans, such as women veterans (comprising 1.5% of the U.S. adult female population), or those with other selected conditions or characteristics of interest, a solely RDD approach is not a viable alternative. Most administrative databases were not designed with health services research use as a primary goal, and therefore they are limited in their use in research. Using only exact SSN matches to merge databases gets the most likely matches but misses those who have SSN errors in one or more databases. The NED misses those who never enrolled for VA care (nonenrollees) and those who have not enrolled for VA care since 1995 (remote users). Users of veteran centers, community-based counseling centers that provide readjustment counseling and outreach services to combat veterans and their family members, would not have an NED record if they were VA nonenrollees or remote users. NED data fields for demographic variables such as race/ethnicity and sex may also be inaccurate or incomplete. For example, our sampling frame did not include for consideration the very small number of records in which sex was not recorded. Some care is delivered to veterans by non-VA providers under contract to the VA. This includes extended care at community nursing homes and state veterans homes and specialized women's health services [22] . Although veterans using this care will have an NED record, the NPCD misses most contract care and therefore veterans using only contract care could be misclassified as last using the VA more than 3 years ago. The DEERS database does not systematically update the contact information in their records. The characteristics associated with accuracy of this information should be investigated in the future. The DEERS database also does not cover veterans who were not in the Active Duty or Reserve components or who were not receiving a DOD benefit as of 1982. Given the younger age of women veterans compared with male veterans, our findings may underestimate the proportionate Medicare database representativeness and overestimate the DEERS representativeness for male veterans. Finally, the accuracy of the VetPop2007 model is unknown. Population estimates after 2006 are based on projections rather than actual data and therefore may have decreasing accuracy for increasing time frames beyond 2006. Although this method of estimation might have a small effect on our 2008 sampling frame coverage estimates, this would not alter the relative contributions of the different databases to the overall sampling frame.
CONCLUSIONS
The contributions of our approach to veteran sampling frame creation are its expansion of list-based veteran population representativeness beyond that reported by other researchers, its elucidation of the relative contributions of various databases and database characteristics to facilitate decision making about their use, and its characterization of the NPCD veteran indicator field. Combining VHA, VBA, and DOD administrative databases substantially expands access to the population of veterans beyond VA healthcare users. Adoption of these additional databases would enhance the value and generalizability of a wide range of studies of both male and female veterans. Using our approach to assembling VA and DOD administrative databases, several subpopulations of veterans may be ascertained with minimal bias. These include VA healthcare users, VA enrollees, and veterans who separated from the military in the prior 20 years, including gulf war-era veterans and OIF/OEF veterans. Veterans and those persons engaged in clinical practice, policy, and research involving veterans may benefit from findings generated from research studies that include the perspective of both VA users and veterans who do not use VA healthcare.
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